In Chile, the Eucalyptus nitens (H. Deane & Maiden) Maiden × E. globulus Labill. hybrid presents the highest production potential due to its desirable characteristics for the production of cellulose. Nevertheless, its low ability to rooting complicates the clonal propagation in nurseries, with the need for new alternatives to increase rooting. The objective of this research was to evaluate the effect of rhizobacteria in the adventitious rooting of mini-cuttings of two hybrid E. nitens × E. globulus clones, wherein 106 rhizospheric bacterial isolates from five species and hybrids of Eucalyptus spp. were used. The mini-cuttings were treated at the base with a 20 mL liquid suspension of rhizobacterial strains. In addition, cultured bacteria were applied by manual sprinklers in the rooting substrate. In the first trial, 38% of rhizobacteria increased significantly rooting of X-64 clone mini-cuttings. Of these, in a second trial, 50% of rhizobacteria maintained their effect in promoting the rooting in two clones, and in the third trial among the 20 strains evaluated, 10 strains increased rooting in both clones. The rhizobacteria that had the most consistent effect in the rooting increase of the mini-cuttings were species of Bacillus and Pseudomonas sp., as well as the genera Chryseobacterium, Mucilaginibacter and Rhodococcus sp., with these results, it is concluded that 10 rhizobacterial isolates have increased the adventitious rooting of minicuttings of two hybrid clones of E. nitens × E. globulus, and these inoculants could be used in periods of underperformance of minicuttings, in order to optimize their performance.
INTRODUCTION
Species derived from the Eucalyptus genus constitute the second most important forestry resource in Chile after Pinus radiata D. Don, approximately covering 34.9% of the total forest plantations (INFOR, 2016) . Its importance is due to its high volumetric yield per area, short fibers and higher wood density, characteristics that are excellent for the production of cellulose (Sotelo and Monza, 2007) . Within the Eucalyptus genus species, eucalyptus (Eucalyptus globulus Labill.) is the most planted due to its rapid growth and high pulp quality (Coopman et al., 2008) , closely followed by the E. nitens (H. Deane & Maiden) Maiden that presents a lower surface area, however, exhibits high tolerance to low temperatures and rapid growth rate (Humphreys et al., 2008) .
In order to identify superior eucalyptus genotypes that increase the levels of production, traditional improvement programs have explored its genetic variation and hybridization. Among the hybrid genotypes, desired characteristics like rapid growth, wood properties like short fiber, pest resistance and stress tolerance are combined for improving plantations productivity (Grattapaglia and Kirst, 2008) . From here, the inter-specific hybridization in Eucalyptus has been a low cost and efficient method for improvement programs (Rezende et al., 2014) . In Chile, the use of hybrid E. nitens × E. globulus clones has become relevant due to their higher production levels in comparison to its parent species, presenting intermediate characteristics of its technological wood properties, added to resistance to cold environments (Madhibha et al., 2013) .
The system for proliferating Eucalyptus has been based on the clonal propagation, which consists of the adventitious rooting of vegetative material using cuttings and mini-cuttings obtained from mother plants (Pardos, 2007) . Nevertheless, problems surge with the application of this technique due to the variability in the rooting capacity among the species and hybrid clones, frequently causing a gradual reduction in the rooting potential (Teixeira et al., 2007) . The situation in Chile follows this tendency mostly in hybrid clones of Eucalyptus, such as the E. nitens × E. globulus hybrid, which presents reductions in rooting (Díaz et al., 2009) .
The adventitious rooting is affected by multiple endogenous and exogenous factors. Specific factors of the plant include the juvenility, cutting diameter, presence of buds or leaves, the species and nutritional state of the plant. On the other hand, endogenous factors such as phytohormones, phenolic compounds, and genetic characteristics of the plant also influence rooting (Da Costa et al., 2013) . The environmental conditions that also can affect the physiological process are the collection period of the cutting, humidity, temperature, luminosity, photoperiod, chemical composition of the substrate, stress, and microorganisms mainly mycorrhizal fungi and bacteria (Bellini et al., 2014) present in the soil and/or substrate of the rooting (Dennis et al., 2010) .
The constant problems in the adventitious rooting of the elite material for the Eucalyptus spp., have intensified the search for methods that increase rooting. In this scenario, rhizobacteria has appearing as a promising strategy due to its characteristics that allow the increment of rooting and growth rate, in addition to the possibility of acting as biological control agents (Ahemad and Kibret, 2014) against phytopathogens like Rhizoctonia solani, Xanthomonas oryzae (Bhattachryya and Jha, 2012) and Botrytis cinerea one of the main pathogens of Eucalyptus sp. (Trotel-Aziz et al., 2008) . The potential of the rhizobacteria has been demonstrated principally in agricultural crops, where have been registered increment in the length and biomass of roots, as well as improvements in germination rate and crop production, among others (Babalola, 2010) . On the other hand in forestry the species rhizobacteria research is limited, however, it has been demonstrated that rhizobacteria have increased the biomass and plant height for the species Pinus, Quercus, Picea and Pseudotsuga menziesii (Mirb.) Franco and Eucalyptus camaldulensis Dehnh. Teixeira et al., 2007; Karthikeyan and Sakthivel, 2011; Gumiere et al., 2014) . In addition, for the Eucalyptus grandis W. Hill ex Maiden and E. globulus cuttings, through the application of Bacillus spp., and Pseudomonas spp., has been possible to increase the rooting and biomass of these species (Teixeira et al., 2007; Díaz et al., 2009) . On the other the use of Azotobacter chroococcum for the E. camaldulensis have presented increment on biomass, and roots number and length (Karthikeyan and Sakthivel, 2011) .
For these reasons and considering the potential benefit of the bacteria in the production of eucalyptus plants, the objective of this paper was to evaluate the effect of rhizobacteria, in the rooting of mini-cuttings of two hybrid clones of E. nitens × E. globulus.
MATERIALS AND METHODS

Isolation of the rhizobacteria
The rhizobacteria isolation was carried out according to the methodology described by Angulo et al. (2014) , in which the strains were obtained from the rhizosphere of five clones of Eucalyptus: two hybrids of E. nitens × E. globulus (X-64, X-65), two clones of E. globulus (X-49 and X-52) and one clone of the hybrid E. globulus × E. camaldulensis Dehnh. (X-89). For the isolation process, four selective culture media were utilized: casein yeast (CCY) for the Bacillus spp., King B (KB) for the Pseudomonas spp., starch casein (AC) for the Streptomyces spp. and finally the Rasoner's 2A (R2A agar) as a general isolation medium.
During this procedure, the Petri dishes with bacterial growth were conserved at 25 °C for 4 d, and later the rhizobacteria samples were selected in terms of color and morphology of its colonies. Finally, the chosen strains were stored in a mixture of liquid medium (R2A broth) and glycerol (70%) at -80 °C for their future use during the rooting trials.
Rooting trials
Three trials were conducted. The first was in January 2011 (Trial 1), the second in October 2011 (Trial 2) and the third in January 2012 (Trial 3), which coincides with the summer season for the clonal propagation of the Eucalyptus species in Chile. The trials location was in the Los Ángeles Forestry Nursery, owned by Forestal Mininco S.A., Los Ángeles.
During Trial 1 only the hybrid X-64 (E. nitens × E. globulus) clone was used and for Trials 2 and 3 the hybrid clones X-64 and X-65 (all with low rooting) were utilized. Additionally in Trials 1 and 2 second order mini-cuttings were used, which is obtained for the middle part of the mother plant, this imply that they have no apex and present approximately 5 cm length. On the other hand, in Trial 3, 7 cm length apical mini-cuttings were obtained from the apexes of the mother plants.
For the production of the rhizobacteria inoculum, the strains were cultivated using R2A liquid medium during 48 h at 25 °C and shaken at 120 rpm, until a concentration of 1 × 10 8 colony-forming units (CFU) mL -1 was reached. In addition, 120 mL cultured bacteria were applied by manual sprinklers in 1 L rooting substrate, which was composed by a mixture of turf, vermiculite and perlite in proportion 50%-30%-20%, respectively. The inoculated substrate was introduced in plastic bags for the incubation stage at 25 °C during 48 h. At the forestry nursery, the collected mini-cuttings were treated through immersion for 10 s in bacterial suspension (1 × 10 8 CFU mL -1 ). Immediately, the mini-cuttings were planted in individual rooting trays (241 cavities), wherein each cavity contained 15.5 mL previously treated substrate together with the rhizobacterial strains.
Evaluation and experimental design
The trials used a randomized block design, wherein were considered three blocks in Trials 1 and 2, and four blocks in Trial 3. Firstly, Trial one was arranged in 107 treatments corresponding to 106 rhizobacterial strains and one control (water), wherein the experimental unit included 10 mini-cuttings. Later in Trial 2, the 32 strains that had best rooting effects in Trial 1 were chosen, adding one control (water) and a 20 mini-cuttings experimental unit. In Trial 3, the 20 strains with best rooting effects in Trial 2 were chosen, wherein were added one control (water) and 20 mini-cuttings experimental units. During the trials, hormones were not used and the RH was maintained at 80% for the first 7 d, after this period, RH was decreased at 70%. After 45 d of each trial's set up, percentage of rooted mini-cuttings, length (cm) and root biomass (dry weight, mg) were evaluated. The results were analyzed with the software SAS 9.2. (SAS Institute, Cary, North Carolina, USA), comparing the means to establish p < 0.05 significant differences with the Fisher test.
Identification of the rhizobacteria
The rhizobacteria that had the greatest effect on the rooting of the mini-cuttings was identified through the amplification of the 16S rDNA, using the methodology of Jopia et al. (2011) with modifications. The polymerase chain reaction (PCR) was used in order to obtain the segment of amplified DNA with the specific primers 9f and 1492r, with the following sequence; 9f 5'-GAG TTT GAT CCT GGC TCA G-3' y 1492r 5'-GGY TAC CCT GTT ACG ACTT-3'. In addition, the mix used in the reaction was 25 μL with: 1 μL genomic DNA, 1X Flexi buffer (Promega, Madison, Wisconsin, USA), 1.5 mM MgCl2, 0.2 mM dNTP, 0.5 mM each primer and 0.025 U μL -1 GoTaq polymerase (Promega). The amplification process was performed in a Thermocycler (Mastercycler Gradient PCR Thermal Cycler, Model 5331, EEppendorf, Hamburg, Germany). The cycle and the PCR temperature programs were the following: a) one cycle of 2 min at 95 °C; b) 30 cycles configured in three segments; first segment 30 s at 95 °C, second segment 30 s at 94 °C, and third segment 1 min 30 s at 72 °C; then c) one cycle of 2 min at 72 °C maintaining the final PCR product at 4 °C. The amplification of the DNA segment was verified by electrophoresis in agarose gel (1.5%), staining the gel with ethidium bromide (0.5 μg mL -1 ). The PCR product was sent to Macrogen (Seoul, South Korea) for its sequencing, and the sequences were edited with the software GENEIUS and inserted into the National Center for Biotechnology Information database (NCBI, US National Library of Medicine, Bethesda Maryland, USA) for the rhizobacterial strains identification. Afterwards, a complementary identification was developed in order to prove the identity of the strains in which were used the pair of specific cry8f and cry8r primers of Bacillus thuringiensis (Chen et al., 2014) in a new PCR. The PCR conditions were the same as those previously used with modification in the temperature program as follows: One cycle of 3 min at 94 °C; 35 cycles consisting of three segments; first segment 30 s at 94 °C, second segment 40 s at 55 °C, and third segment from 1 to 72 °C; then one cycle of 5 min at 72 °C maintaining the final PCR product at 4 °C.
RESULTS
Trial 1
Among the 106 rhizobacterial strains, 84 strains were evaluated, due to the high mortality in the mini-cuttings of 22 strains, associated to watering problems in some specific sectors within the greenhouse. Over the 84 strains, 32 were significantly increased their rooting of the X-64 clone (Table 1) , presenting a rooting efficiency between 32% and 75%, wherein the strain 53 has triplicate the control rooting of 28%. Additionally, an average gain of 73% is reached among the 32 strains. Moreover, it is important to mention that within the treatments that affected the rooting, 31% were rhizosphere strains of the X-64 clone, indicating correlation between the clone and bacterial strain. 
Trial 2
Among the 32 rhizobacterial strains that increased rooting of the E. nitens × E. globulus (X-64) clone mini-cuttings in the previous trial, and which were evaluated in this trial, nine rhizobacterial strains had the capacity to significantly increase rooting in the X-64 clone mini-cuttings, presenting a fluctuation between 9% and 18%. Additionally, other seven strains had an effect on the X-65 clone, with a rooting increase between 36 -41% (Table 2) . Furthermore, in this trial the control rooting for the X-64 clone was very low (1%), added to six strains that increased the length of the root in the X-64 clone, with no observable effect in roots for the X-65 clone. Finally, in the X-64 clone, three rhizobacterial strains (N°122, N°43 and N°59) have presented changes in both rooting and root length.
Trial 3
In this trial, 20 rhizobacterial strains have initially tested, where the chosen selection criterion was the highest levels of rooting achieved in the previous trials. Twelve strains have increased their rooting for the E. nitens × E. globulus X-64 clone mini-cuttings, presenting an average gain of 77% (Table 3) . Otherwise, for the E. nitens × E. globulus X-65 clone, 10 strains have increased the rooting with an average gain of 27%. Additionally, in this trial, 10 strains presented increased rooting in both clones. The rhizobacteria did not have effect on the root length (Table 3 ) nor in the biomass for both clones' mini-cuttings. At the end of these three nursery trials, 10 bacterial strains that obtained the best results in rooting for the E. nitens × E. globulus X-64 and X-65 clones mini-cuttings were identified, through the sequencing of 16s rDNA. Additionally, through the comparison of the sequences obtained with the NCBI database, five strains have been identified at the genus level, and two at the species level corresponding to Bacillus thuringiensis (Table 4) . This identification was completed using the cry8 gene, that encodes the specific toxin Cry produced by this species of bacteria. The gel electrophoresis shows the amplification of the gene proving its presence in the strains 63 and 122, identified both as B. thuringiensis (Figure 1) . Root length % cm † Strains with significant differences (p < 0.05) compared to the rooting control. ‡ Strains with significant differences (p < 0.05) compared to the root length control.
DISCUSSION
Decades ago, bacteria were being researched in order to establish their ability for increasing growth rates in plants, principally for its application in agricultural crops (Adesemoye et al., 2009; Bhattacharyya and Jha, 2012) . In particular, the interest for these bacterial inoculums has emerged from the necessity of improve the quantity and quality of the forestry plant production, applying techniques that are more environmentally friendly at a lower cost (Akhtar et al., 2009) .
The effect of bacterial inoculums has been verified in conifer seedlings of the genera Pinus, evaluating its effect in the increase of the germination rate, height and dry weight of the seedlings (Puente et al., 2010) . Due to the importance of the forestry industry in countries such as Brazil and Chile, studies about the effect of bacteria in Eucalyptus has reached high relevance (Pardos, 2007; Ferreira et al., 2008) . One example of this is the research conducted by Díaz et al. (2009) , which verified the effect of rhizobacteria in the rooting and root fibrosity. Strains that presented significant differences compared to the control strain. 
Number of NCBI accession
In the present study, rhizobacterial strains have been evaluated in sequential trials in an operational nursery. In the first trial, the average gain in the rooting was 70%, results that are similar to those obtained by Teixeira et al. (2007) , which presents an average gain of 63% in the cuttings of E. grandis hybrid clone, through the application of rhizobacteria strains, principally Bacillus subtilis and Pseudomonas sp. Additionally, Mafia et al. (2007) also obtained gains between 5% and 90% in the rooting percentage in Eucalyptus seedlings with different clonal propagation conditions, using in their research strains of Pseudomonas sp., Bacillus sp., and Stenotrophomonas maltophilia. Moreover, Díaz et al. (2009) also analyzed the potential use of rhizobacteria in order to stimulate the rooting in E. globulus mini-cuttings, reaching average gains of 41% through the application of B. subtilis/amyloliquefaciens and B. mycoides. On the other hand the research carried out by Raasch et al. (2013) also verified the effects the B. subtilis rhizobacteria in the hybrid clones E. camaldulensis × E. grandis and E. urophylla × E. grandis, with a significant increase in the number of roots emerged from the rooting cavity with maximum of 53.2%.
The increase in the percentage of rooting of these minicuttings, means an increase in the survival of the seedlings that later will be adult trees in the plantations. Therefore, improvement in the first instance of rooting through a biotechnological technique is a valuable tool for the forestry industry. Further, in this first trial, most of the strains with rooting effect (31%) were strains from the X-64 clone, demonstrating the specificity of the plant-rhizobacteria. This can be principally explained by the nature of the root exudates, which varies according to the genotype of the plant, influencing the type of bacteria that colonize the rhizosphere (Bais et al., 2006) . In addition, the characteristic pointed out in this trial have been observed in other studies, for example Mafia et al. (2009) , wherein they obtained that the use of isolates from this type of plant have improve in rooting.
In the second trial, the average gains in the rooting was even greater compared to the first trial, with 88% and 48% for the E. nitens × E. globulus X-64 and X-65 clones, respectively. In the case of the X-64 clone, the main effect of the rhizobacteria is partly explained due to the level of rooting is lower at the beginning of the rooting season (October for trial 2) compared to rooting in the full harvest season of mini-cuttings, presenting variations between 28% and 1%, respectively. Furthermore, the X-64 clone originally possesses a lower natural rooting ability, variability that is frequently mentioned between species and Eucalyptus clones (Teixeira et al., 2007) . On the other hand, the factors that influence the formation of the new root such as the development of the mother plant, plant nutrition, its metabolites and the environmental conditions, should be considered (Geiss et al., 2009) . In particular in Chile, the end of spring and summer is the season in which the highest levels of rooting are obtained, being, nevertheless, lower at the beginning and end of the seasons, due to that the temperature is a relevant factor in the adventitious rooting (Trueman et al., 2013) . In the case of this study, it was observed that the largest magnitude in the increase of rooting, occurred in times of lower temperature, and that are more stressful for plants. This behavior is mentioned in previous researches, which indicated that the greatest effect of rhizobacteria on growth tends to be in more stressful conditions for plants (Dimkpa et al., 2009; Ali et al., 2014) . Thus the application of these rhizobacteria should be performed at these times and in order to obtain greater effects on rooting.
Additionally in the second trial, six rhizobacteria increased the root length in the X-64 clone mini-cuttings. These results are similar to those observed by Karthikeyan and Sakthivel (2011) , wherein the increase of the root length observed in the E. camaldulensis cuttings occurred when Azotobacter chroococcum is applied. Raasch et al. (2013) also observed the increase root length in the hybrid E. urophylla × E. grandis when inoculating the mini-cuttings and the rooting substrate with the formulation composed of B. subtilis.
In the third trial, a greater increase occurred in the rooting of the two clones used due to the employment of apical mini-cuttings, having that the 12 and 10 rhizobacterial strains have significantly increased their rooting in the X-64 and X-65 clones, respectively, presenting average gains of 300% for the X-64 clone, and 43% for the X-65 clone. In particular, in this trial the rhizobacteria did not affect the root length, similar situation pointed out by Probanza et al. (2002) , who obtained increases in P. taeda and P. pinea seedlings without observable rhizobacterial effects in the root length. As a global result, in the three trials completed the magnitude in the rooting increase was always greater in the X-64 clone compared to the X-65 clone. This can be explained due to the X-64 clone possesses less rooting, which can increase the effect of the rhizobacteria in mini-cuttings that present higher difficulty to root. With this, it is confirmed that the application of the inoculants of rhizobacteria would have greater effect in the minicuttings subjected to some type of stress, that can belong to the plant itself or some environmental stress.
Another point to discuss is related to that 10 rhizobacteria had greater consistency and gains in the rooting in both eucalyptus hybrid clones (Table 3) , wherein have been identified species of Bacillus and Pseudomonas, which are known for being Plant growth-promoting rhizobacteria (PGPR) in different plant species (Santoyo et al., 2012) . The rhizobacterial strains 63 and 122 correspond to B. thuringiensis species, which possess an effect of growth promoter in plants (Armada et al., 2016) , likewise a species of the genus Rhodococcus that has been identified, with antecedents of its use as bacterial inocula, promoting the elongation of the plant roots of Brassica juncea (Qaisrani et al., 2014) . Moreover, Mucilaginibacter sp. (strain 56) has been found in the rhizosphere of plants (Kim et al., 2012) and lichens, showing increments in the plant growth and being considered PGPR (Madhaiyan et al., 2010) . In Chile, the presence of Bacillus and Pseudomonas has been described in previous studies of the rhizosphere of eucalyptus (Díaz et al., 2009) ; however, it is the first time that other genera such as Rhodococcus and Mucilaginibacter have been described promoting the adventitious rooting of Eucalyptus minicuttings for commercial use. Although this research studies the effect rhizobacteria on adventitious rooting, new trials should be performed in order to determine the mechanisms used by rhizobacteria to increase rooting in vegetative material, like as growing regulators, enzymes modulators or another use.
CONCLUSIONS
Considering the effect of some rhizobacteria in the nursery trials, in operational conditions of clonal propagation, it is possible to conclude that 10 isolates have increased the adventitious rooting in mini-cuttings of two hybrid clones of Eucalyptus nitens × E. globulus. However, even though an increase in the length of the root was observed in some strains, there is not strong evidence in order to conclude that there is a rhizobacteria effect on this variable.
In view of the results of this research, 10 rhizobacterial isolates have increased the adventitious rooting of minicuttings of two hybrid clones of E. nitens × E. globulus under operational conditions of clonal propagation. For this reason, these inoculants could be used in the times of underperformance of minicuttings, in order to optimize their results. Field results should be complemented with laboratory tests to determine which mechanisms would be used for the rhizobacteria for promoting the rooting in minicuttings. These findings not only contribute to scientific
